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Tn flic Claims; 

Claims 1, 4, 11, and 14 are amended. The claims arc as follows: 

* 

1. (Currently Amended) A phase-locked loop circuit comprising: 

a voltage controlled oscillator adapted lo provide a first clock signal comprising a first 
frequency; and 

a phase frequency detector adapted to compare the first clock signal comprising the first 
frequency to a reference clock signal comprising a reference frequency, the phase frequency 
detector comprising a first latch circuit a second latch circuit and a programmable circuit 
adapted to vary a minimum pulse widdi of an increment pulse and a minimum pulse width of a 
decrement pulse, the programmable circuit being further adapted to reduce a static phase error of 
the phase locked-loop circui t, the programmable circuit being directly connected to a first input 
of the first latch circuit and a second inpiit of the second latch circuit . 

2, (Original) The phase-locked loop circuit of claim 1 , wherein the programmable circuit 
comprises a multiplexer and a plurality of buffers, wherein the plurality of buffers is divided into 
a plurality of groups, wherein each of the plurality of groups comprises a different number of 

* 

buffers, wherein each of the plurality of groups is electrically connected to the multiplexer, and 
wherein the multiplexer is adapted to switch between signals from each of the plurality of groups 
to vary the minimum pulse width of the increment pulse and the minimum pulse width of the 
decrement pulse. 
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3* (Original) The phase-locked loop circuit of claim 2, further comprising a digital control signal 
lo the multiplexor to control the switching between the signals from each of the plurality of 
groups. 

4. (Currently Amended) A phase-locked loop circuit comprising : 

a voltnpc controlled oscillator adapted to_pr_ovjdQ a first clock signal comprising a first 

freq ue ncy; and . 

a phase frequency detector adapted to compare the first clock signal comprising the first . 
frequency to a reference clock signal comprising a reference frequency, the phase frequency 
detector comprising a programmable circuit adapted to vary a minimum pulse width of an 
increment p ulse an d a minimum pulse width of a decrement pulsa the programmable circuit 
being fu rther adapted to reduce a static phase error of the pfraso locked-loop circuit 
The p hase-l o cked l o op circuit o f claim 1 , wherein the programmable circuit comprises an 
operational amplifier, a first capacitor, a second capacitor, and a delay line, wherein the 
operational amplifier is adapted to compare a first analog voltage across the first capacitor to a 
reference voltage across the second capacitor and generate a control voltage based on the 

■ 

comparison, wherein the control voltage is adapted to control the delay line to vary the minimum 
pulse width of the increment pulse and the minimum pulse width of the decrement pulse, and 
wherein the minimum pulse width of the increment pulse and the minimum pulse width of the 
decrement pulse comprise a fixed fraction of a period of the reference clock signal. 

10/707,178 

3 



PAGE 4/13 1 RCVD AT 3/15/2005 9:31:14 AM [Eastern Standard Time] 1 SMPTO-EFXtf -1/0 1 DMS:8729306 1 CSS): ' DURATION (mm-ss):02-54 



MAR- 15-05 TUE 09:53 AM FAX NO. P. 05 

5. (Original) The phase-locked loop circuit of ctaim 4, wherein Ihe programmable circuit further 
comprises an AND gate adapted to extract the minimum pulse width of the increment pulse and 
the minimum pulse width of the decrement pulse. 

6* (Original) The phase-locked loop circuit of claim 5, wherein the programmable circuit furlher 
comprises a resistor, and wherein the resistor and the first capacitor are collectively adapted to 
convert a digital signal from an output of the AND gate into the first analog voltage across the 
first capacitor, 

7> (Original) The phase-locked loop circuit of claim 6, wherein the first analog voltage across the 
first capacitor is equal to a supply voltage of the phase-locked loop circuit multiplied by the 
minimum pulse width of the increment pulse and divided by the period of the reference clock 
signal. 

8. (Original) The phase-locked loop circuit of claim 6, wherein the first analog voltage across the 
first capacitor is equal to a supply voltage of the phase-locked loop circuit multiplied by the 
minimum pulse width of the decrement pulse and divided by the period of the reference clock 
signal. 

9. (Original) The phase-locked loop circuit of claim 4, wherein the reference voltage is generated 
by a digital to analog converter. 
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10. (Original) The phase-locked loop circuit of claim 1, wherein the reference frequency is within 
a range of about 2 megahertz to about 1 gigahertz 

1 1 . (Currently Amended) A method for reducing a static phase error in a phase-locked loop 
circuit comprising: 

providing a voltage controlled oscillator and a phase frequency detector, the phase 
frequency detector comprising a first latch circuit a second latch circuit and a programmable 
circu i t the programmable circuit being directly connected to a first input of the first latch circuit 
apd a second input of the second latch circuit : 

generating by the voltage controlled oscillator, a first clock signal comprising a first 
frequency; 

comparing by phase frequency detector, the first clock signal comprising the first 
frequency to a reference clock signal comprising a reference frequency; 

varying by the programmable circuit, a minimum pulse width of an increment pulse and a 
minimum pulse width of a decrement pulse; and 

reducing by the programmable circuit, a static phase error of the phase-locked loop 

circuit 

12. (Original) The method of claim 1 1 , further comprising: 

providing within the programmable circuit, a multiplexer and a plurality of buffers, 
wherein the plurality of buffers is divided into a plurality of groups, wherein each group 
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comprises a different number of buffers, and wherein each group is electrically connected to the 
multiplexer; and 

switching by the multiplexer, between signals from each of the plurality of groups to vary 
the minimum pulse width of the increment pulse and the minimum pulse width of the decrement 
pulse. 

13. (Original) The method of claim 12, further comprising controlling by a digital control signal, 
the switching between the signals from each of the plurality of groups. 

14. (Currently Amended) A method for reducing a static phase error in a phase-locked loop 
circuit comprising: 

providing a voltage contro lled oscillator and a phase frequency detector, the phase 
frequency detector co mprising a programmable circuit the pro&rammahTe circuit comprising an 
operational amplifier, a first capacitor, a second capacitor, and a delay line; 

generating bv the voltage controlled oscillator, a first clock sipnal comprising a first 

Asqiicncy; 

comparing hv phase frequency detector, the first clock signal comprising the first 
freque ncy to a reference clock signal comprising a reference frequency; 

varying bv the programma ble circuit, a minimum pulse width of an increment milsc and a 
minimum pulse width of a decrement pulse: 

reducing hv the programm able circuit a static phase error of the phase-locked loop circuit 
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The m e th o d of cfarim 11, furth er c o mprisi n g ; 

p ro viding withi n the p ro g r ammable - c iret rr^ 

comparing by the operational amplifier, a first analog voltage across the first capacitor to 

a reference voltage across the second capacilor; 

generating by the operational amplifier, a control voltage based on the comparison; and 
controlling by the control voltage, the delay line to vary the minimum pulse width of the 

increment pulse and Ihe minimum pulse width of the decrement pulse, wherein the minimum 

pulse width of the increment pulse and the minimum pulse width of the decrement pulse 

comprise a fixed fraction of a period of the reference clock signal 

* 

15. (Original) The method of claim 14, further comprising: 

providing within the programmable circuit, an AND gate; and 
extracting by the AND gate, the minimum pulse width of the increment pulse and the 
minimum pulse width of the decrement pulse, 

16. (Original) The method of claim 15, further comprising: 

providing within the programmable circuit, a resistor; and 

collectively converting by the resistor and the first capacitor, a digital signal from an 
output of the AND gate into the first analog voltage across the first capacitor, 

17. (Original) The method of claim 16, wherein the first analog voltage across the first capacitor 
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is equal to a supply voltage multiplied by the minimum pulse width of the increment pulse and 
divided by the period of the reference clock signal. 



18. (Original) The method of claim 16, wherein the first analog voltage across the first capacitor 
is equal to a supply voltage multiplied by the minimum pulse width of the decrement pulse and 
divided by a period of the reference clock signal. 



19. (Original) The method of claim 14, further comprising generating by a digital to analog 
converter, the reference voltage, 



20. (Original) The method of claim 1, wherein the reference frequency is within a range about 2 
megahertz to about 1 gigahertz 
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